Supplier evaluation and selection is a kind of problem which includes multiple criteria of qualitative and quantitative properties. From different alternatives it requires to find the best option using different criteria and opinions of the decision makers. Because of the judgments or the bias of the decision makers, sometimes classical methods cannot be precise. In this paper, a relatively new decision method called TODIM (an acronym in Portuguese for iterative multi-criteria decision-making -"Tomada de Decisão Iterativa Multicritério") is improved with fuzziness to prevent the above mentioned problems of the classical methods. A real life case study for a furniture manufacturing company is also be solved.
Introduction
To be successful in today's competitive environment, firms must offer their products and services with proper quality, price and speed to the customers. Achieving success not only depends on the firm's own performance but also the performance of the other elements on the supply chain. Suppliers are the first element of this chain which also includes manufacturers, distributors and retailers. Reducing supply chain risk, decreasing production costs, optimizing the cycle time, gaining a pre-defined quality level and competitive advantage, selection of the proper supplier is one of the important decisions for any business firms.
Modern supply management approach is to maintain long term partnership with suppliers, and to use fewer but reliable suppliers. Therefore, choosing the right suppliers involves much more than scanning a series of price list, and choices will depend on a wide range of factors which includes both quantitative and qualitative 1 . Multicriteria optimization is the process of determining the best feasible solution according to the established criteria representing different effects. Practical problems are often characterized by several non-commensurable and mostly conflicting criteria, and there may be no solution satisfying all criteria simultaneously. Thus, the solution is a set of noninferior solutions, or a compromise solution according to the decision makers' preferences 2 .
The MCDM (multicriteria decision making) technique is a powerful tool widely used for evaluating and ranking problems containing multiple, usually conflicting criteria. Over the years different behavioral scientists, operational researchers and decision theorists have proposed a variety of methods describing how a decision maker might arrive at a preference judgment while choosing among the multiple attribute alternatives 3 . Analytical models for supplier evaluation for supplier selection include different MCDM methods such as analytic hierarchy process (AHP) and analytic network process (ANP), statistical techniques such as principal components analysis and factor analysis, data analysis techniques such as cluster analysis, discriminant analysis, data envelopment analysis (DEA) and simulation 4 .
There are at least two journal articles reviewing the literature regarding supplier evaluation and selection models 5 and 6 . De Boer et al. 5 identified four stages for supplier selection including definition of the problem, formulation of criteria, qualification, and final selection, respectively. They reviewed and classified MCDM approaches for supplier selection. Ho et al. 6 described the individual approaches and integrated approaches critically, respectively. They analyzed the most prevalently used approaches, discussed the most popular evaluating criteria, and find out the limitations of the approaches.
The classical MCDM methods cannot effectively handle problems with such imprecise information. These classical methods, both deterministic and random processes, tend to be less effective in conveying the imprecision and fuzziness characteristics. This has led to the development of fuzzy set theory by Zadeh, who proposed that the key elements in human thinking are not numbers but labels of fuzzy sets 7 . Proposed by Zadeh in 1965, fuzzy set theory is a powerful tool to handle imprecise data and fuzzy expressions which used in different engineering and academic fields. Fuzzy set theory is applied to nearly all of the classical multi criteria decision methods. Similar situation is also seen in the supplier selection problem: fuzzy AHP 8 and 9 , fuzzy TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution) 10 and 11 , fuzzy Adaptive Resonance Theory (ART) algorithm 12 . Also a real life case study is used in the paper. In the second section of the study a brief literature survey about supplier selection is given. TODIM and Fuzzy TODIM methodologies are given in section three and four. Application and solution steps are given step by step in section five. Finally in the Conclusion section general discussions are given.
Literature Survey
The very first studies regarding supplier selection are done by Dickson in 1966 which determines the criteria about supplier selection with questionnaires 23 . According to the Weber et al. (1991) , which investigates the supplier selection studies between 1966 and 1990, price, delivery time and quality are the most important criteria chosen in these studies 24 . Although this three criteria are the most chosen ones flexibility, process capability, geographical distance, technological capability, product development possibilities and financial situation can become important based on the problem studied.
In Table 1 , examples based on the supplier selection and evaluation studies are given. It's seen from Table 1 that in some studies more than one approach is used together. Also classic logic and fuzzy logic methods are used (solely or together) in some of the studies based on the decision making under certainty or uncertainty Akarte et al. 25 
The TODIM method
The TODIM method (an acronym in Portuguese of Interactive and Multi-criteria Decision Making) is a discrete multi-criteria method based on Prospect Theory 50 which has awarded the Nobel Prize for Economics in 2002 51 .
Consider a set of m alternatives to be ordered in the presence of n quantitative or qualitative criteria, and assume that one of these criteria can be considered as the reference criterion. After the definition of these elements, experts are asked to estimate, for each one of the qualitative criteria c, the contribution of each alternative I to the objective associated with the criterion. This method requires the values of the evaluation, of the alternatives in relation to the criteria, to be numerical and to be normalized; consequently the qualitative criteria evaluated in a verbal scale are transformed into a cardinal scale 19 and 52 . The evaluation of the alternatives in relation to all the criteria produces the matrix of evaluation, where the values are all numerical. Their normalization is then performed using each criterion, the division of the value of one alternative by the sum of all the alternatives. This normalization is carried out for each criterion and obtaining a matrix with all the values between zero and one. It is called the matrix of normalized alternatives' scores against criteria. P = [P mn ], with m indicating the number of alternatives and n the number of criteria, as shown in Table 2 . Table 2 . Normalized alternatives' scores against criteria.
After the attribution of the weights of the criteria and their normalization, the partial matrices of dominance and the final matrix of dominance must be calculated. The decision makers must indicate which criterion r is to be chosen as the reference criterion for the calculations according to the relative importance assigned to each criterion. In this way, the criterion with the highest value accorded to its importance will usually be chosen as the reference criterion. The weight of each criterion is determined by the decision makers on a numerical scale and is then normalized. Thus, w rc is the weight of criterion c divided by the weight of the reference criterion r. Using w rc allows all pairs of differences between performance measurements to be translated into the same dimension, i.e. that of the reference criterion. The final measurement of dominance of each alternative A i over each alternative A j , now incorporated to Prospect Theory, is given by the mathematical expression (1). That measurement is given by a sum of relative gains and losses. Expression (2a) describes the gain part of the value function, while expression (2c) describes its loss part. Expression (2b) applies where there exists neither a gain nor a loss.
(1)
� , � represents the measurement of dominance of alternative A i over alternative A j ; n is the number of criteria; c is any criterion, for c =1,…,n; w rc is equal to w c divided by w r , where r is the reference criterion; P ic and P jc are, respectively, the performances of the alternatives A i and A j in relation to c; θ is the attenuation factor of the losses; different choices of θ lead to different shapes of the prospect theoretical value function in the negative quadrant.
The expression Φ � , �, represents the contribution of criterion c to function � , �, when comparing alternative i with alternative j. If the value of (P ic -P jc ) is positive, it will represent a gain for the function � , � and, therefore the expression Φ � , � will be used in the Eq. (2a). If (P ic -P jc ) is zero, the value zero will be assigned to Φ � , �by applying the Eq. (2b). If (P ic -P jc ) is negative, Φ � , � will be represented by the Eq. (2c). The construction of function Φ � , �in fact permits an adjustment of the data of the problem to the value function of Prospect Theory, thus explaining the aversion and the propensity to risk.
After the diverse partial matrices of dominance have been calculated, one for each criterion, the final dominance matrix of the general element � , � is obtained, through the sum of the elements of the diverse matrices.
Expression (3) is used to determine the overall value of alternative i through normalization of the corresponding dominance measurements. The rank of every alternative originates from the ordering of their respective values.
Therefore, the global measures obtained computed by (3) permit the complete rank ordering of all alternatives. A sensitivity analysis can be applied to verify the stability of the results based on the decision makers' preferences. The sensitivity analysis should therefore be carried out on θ as well as on the criteria weights, the choice of the reference criterion, and performance evaluations 19 and 52 .
Fuzzy TODIM
To prevent the effects of decision makers' prejudice and bias in the ranking of alternatives, fuzziness has integrated to the original TODIM. Triangular fuzzy numbers are used for expressing the linguistic variables for the attribute values. Using these fuzzy numbers and according to the concept of the TODIM method, gain and loss of each one of the alternatives relative to another are assessed. Then, by calculating the dominance degree of each alternative over the others, the overall value of each alternative is obtained and alternatives are ranked. The proposed fuzzy TODIM method is discussed below.
Proposed fuzzy TODIM method
In this chapter Fuzzy TODIM approach of Zhang and be a decision matrix, where � is the attribute value, i.e., the linguistic assessment of alternative A i with respect to attribute C j , � , , .
Step 1 
Step 2: Evaluate the criteria and alternatives Linguistic variables are used in evaluating the criteria and alternatives. To lessen the subjectivity, more than one decision maker (expert) must be selected. After decision maker's evaluation, their scores are integrated. Integrated fuzzy weights of each criteria and integrated fuzzy evaluation of each alternatives according to each criteria can be calculated with the given equations. In the formulas, d is the number of decision makers. 
fuzzy ij x values are used as triangular fuzzy numbers in generating the loss and gain matrices.
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Step 3: Fuzzy criteria weights (
From different methods of normalization, method of Abdel-Kader and Dugdale 54 is used in this study.
In this method, the three parameters of triangular fuzzy numbers (full memberships, partial memberships located in the right-hand side and left-hand side) for the fuzzy estimates are used. Also, and index of optimism (α) is used in the ranking process. Bigger values in α represents an optimistic decision maker, whereas smaller values represents a pessimistic decision maker.
α parameter is used to reflect the decision makers' characteristics, risk taking attitude and different environment conditions. For example, in a high uncertainty environment a decision maker with a risk avoiding attitude prefers a lower index of optimism. On the other hand, the calculations can be repeated for different values of the index to explore the sensitivity of the decision. In this study index of optimism (α) is used as 0.5 as a neutral point of view to balance between optimism and pessimism. Let 
Calculated weights with the ordering method are standardized (normalized) with the given formula:
Step
4: Calculation of Gains and Loses
To calculate the gain and loss of each alternative relative to the others, first the attribute values of alternatives must be compared by pair. Let � and � be the attribute value of alternative A i and A k concerning attribute C j , , , . Let s f and s g be the linguistic assessments of alternative A i and A k with respect to attribute C j , f, g = 0, 1, …, T. Then � and � are compared as follows 20 Here � and � are represented by triangular numbers given in Eq. (4). The distance between them are used to measure the separation between two fuzzy numbers:
Then, gain and loss of alternatives A i relative to A k concerning attribute C j can be given as:
For benefit attribute:
For cost attribute:
Using the above equations gain matrix = � � and loss matrix = � � for attribute C j can be constructed 20 and 53 .
Step 5: Calculate each criterion's (C j ) relative weights (w jr ) based on the reference criterion (C r ) TODIM method is based on a projection of the differences between the consequences of any two alternatives to a reference attribute. Attribute with the highest weight is chosen as the reference attribute to
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Copyright: the authorstranslate all pairs of differences between performance measurements into the same dimension. Let C r denote the reference attribute, then the relative weight w jr of attribute C j to the reference attribute C r can be given as 20 and 53 . = / , where w r = max {w j | } (17)
Step 6: Construct dominance degree matrix for each criterion (C j ) First of all, calculate the dominance degree of alternative A i over alternative A k for attribute C j . The dominance degree for gain �Φ (+) � and dominance degree for loss �Φ (−) � can be calculated as:
Where θ is the attenuation factor of the loss. Then the dominance degree for the gain and loss (Φ ) can be found:
By using it, dominance degree matrix for attribute C j , Φ = �Φ � , can be constructed.
Step 7: Calculate overall dominance degree matrix
Step 8: Calculate overall value of each alternative and rank the alternatives. Based on matrix Δ, overall value of alternative , ( ), can be calculated:
Obviously, 0 ≤ ( ) ≤ 1, and the greater ( ) is, the better alternative will be. Therefore, in accordance with a descending order of the overall values of all the alternatives, one can determine the ranking of all alternatives or select the desirable alternative(s).
Application
Proposed methodology is going to use for the packaging supplier selection problem of a furniture manufacturing company. The company was established in 1984 to serve in the sector. Today, all kinds of furniture accessories sector needs to be heard (profile, panel, paneling and parts of sub-groups of these products) production in Antalya Organized Industrial Zone is 400,000 m 2 premises realizes.
Production of more than 50% is exported to nearly 50 countries, also on the basis production quality and capacity of the sector, the company is one of the world's largest 3. Using all the possibilities of modern technology to 900 qualified workforce, company produces 100 million per running meter in a year of production. With the great share of R & D budget, company offers unique opportunities to its customers.
Working with the weekly production schedules, it's very important for the company to get the packaging on time with the desired quality and specifications to prevent the shipping delays. For this reason, choosing the proper supplier is very critical for the decision makers. In this study, current suppliers of the firms are evaluated with different suppliers from the market.
A group of five decision makers are selected from the company for the study. According to their expectations and experiences, five alternative suppliers based on seven criteria are selected. These criteria are selected with the help of decision makers' experiences and literature surveys: C 1 -Price, C 2 -Quality, C 3 -Delivery on time, C 4 -Tecnical capability, C 5 -Previous period performance, C 6 -Geographical location, C 7 -Technology.
Questionnaires are given to the decision makers for the evaluation process. Decision makers' linguistic evaluation of the criteria and the alternatives with respect to each criterion are transformed to triangular fuzzy numbers (Table 3) .
Using equation (5) and (6), opinions and views of the decision makers are integrated (Table 4, Table 5 ).
Using the fuzzy values in Table 5 , gain and loss matrices for each criteria are calculated with Eq. 12-16. Table 5 . Fuzzy decision matrix of the alternatives Criteria weights (w j ) given in Table 4 are defuzzicated using Equations (7) - (11) and standardized. Relative criteria weights (w jr ) are calculated with Equation (17), in which C 3 is selected as the reference criterion. In this study θ is taken as 1, which means that losses will contribute with their real values to the global value. Using Eq.21, overall dominance matrix can be found: In order to study the influence of the parameter θ, sensitivity analysis for different θ values is also given. Order of the alternatives for the different θ values are given in Table 7 . The order of the alternatives are not changed for θ = 1, 2, 3 and 4. But when θ is equal to 5, alternative 1 and 2 obtain the same priority.
As we can notice, the alternative A 1 represents the best alternative for all θ values, also the order of the alternatives do not change. This means that the alternative A 1 even though affected by uncertainty remains the best alternative. The results for θ = 1 and θ = 4 are almost the same, which indicates the robustness of the method. Problem is solved with Fuzzy VIKOR 41, 55 and fuzzy TOPSIS 56 to compare the results which are given in Table 8 . In both methods fuzzy weights and decision matrix in Table 4 and 5 are used. Fourth and fifth alternatives' places are changed in fuzzy TOPSIS, whereas in fuzzy TODIM first and second alternatives' places are changed. In fuzzy VIKOR first condition is not accepted, however the second condition is accepted. Therefore A 1 and A 2 do not have a comparative advantage and are the same compromise solutions 41 .
The result indicates that fuzzy VIKOR and Fuzzy TODIM have consistent rank orders. Thus, the v value (strategy weight) is taken as 0. 
Conclusions
In this study, fuzzy TODIM method is proposed for the supplier selection problem which is a multi criteria decision making problem including both qualitative and quantitative criteria. Existence of the uncertainty affects the efficiency of the decision process, to lessen this disadvantage fuzzy logic is applied. Fuzzy TODIM is a relatively new MCDM method based on the Prospect Theory. This study is one of the first applications of the proposed methodology to supplier selection problem.
For each of the criterion, each alternative is compared with other alternatives one by one and this is the most important point where TODIM differentiates from the other well-known MCDM methods. According to these comparing, gain and losses matrices are determined and used for the ranking of the alternatives.
A real life case study is solved with fuzzy TODIM and compared against fuzzy VIKOR and fuzzy TOPSIS. Proposed methodology can further be developed with integrating different methods. For example AHP can be used to determine the criteria weights. Also it can be used to solve different MCDM problems like facility location selection, project selection and supplier performance measuring. Visual Basic based macros in Excel are prepared to solve the above mentioned three methods. Decision makers can do sensitivity analysis to see effects of change in parameters. These macros can be developed to used as a decision support system software.
